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STORE CAVITIES AND OF SLOTS ON THE ZERO-LIFT DRAG OF
A BODY OF REVOLUTION

By George H. Holdaway, Minor R. Wallace, Jr.,
and Elsine W, Hatfleld

F.

B I SUMMARY

A systematic study of various sized cavities and slots in bodies of
revolution was conducted over a Mach number range of 0.80 to 1.20 and at
a Reynolds number of about 36 ,000,000 based on the body length. The
resultant body cross-sectional area distributions were in each case the
same as that for a Sears-Haack body. The zero-1ift drag characteristics
due to friction, separated flow, and compression waves were analyzed.

The results of this investigation indicated that cavities with fine-
ness ratios of 8 or greater can be used to control the body area distri-
bution without introducing unpredicted changes or penslties in wave drag;
however, cavities in gemeral tend to produce separated flow with an accom-
penying increase in drag at all Mach numbers, Symmetrical slot arrange-
ments with gradual changes in depth can be used to conbtrol the area distri-
bution of bodies without penalties in wave drag and very little drag
resulting from separated flow, but generslly with a predictable penalty
in friction drag. For the reference bodles of revolution, linearized
theory generally overestimated the wave drag at transonic speeds.

INTRODUCTION

The problem of carrying external stores on airplanes with the least
drag penalty is one which continually challenges the designer. One method
of coplng with the problem is to utilize semisubmerged stores in fuselage
cavitles or rockets in fuselage slots. With the stores in place, the
airplane can be designed to have a smooth area distribution with low wave
drag at a specified Mach number in accordance with the concepts of ref-
erence 1, 2, or 3. With the stores removed the localized indentations
or cevities might be utilized to obtain low wave drag at a second design
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Mach number. However some of thega gaylties may have drag pemslties,
resulting from separated flow or increased surface area, which could
counter any improvements in wave drag. Such viscous-drsg penaltles have
been evident in the experimental results of prior investigations of
cavities reported in references L4, 5, and 6.

The Investigation reported herein was planned to illustirate the mag-
nitude of the different drag components associated with verious localized
indentations and to indicate the type and size of localized indentations
for which the wave-~drag theory 1ls applicable and for which there are no
large penalties in viscous drag. The bodies in each case were designed
to have the same theoretical wave drag at a Mach number of 1 (i.e., the
same basic area distribution) but different indentatione, thue any experi-
mental variation in wave drag from that of the basic body would be an
indication of a violation or limitation of the concepts involved.

A systematic study was made in the Ames 1ll-Poot transonic wind tunnel
of the two general classes of localized indentations mentioned previously:
single-store cavities and slots. One cavity was used per body, and all
the cavities had the same length but had varlations in fineness ratio of
4 0 9, The slots had the same length as the cavities, and the number
rer body varied from 1 to- 32,

Force data, schlieren photographs, and base pressures were obtained
at zero 1lift over a Mach number range of 0.80 to 1.20 at a Reynolds number
of approximately 36,000,000 based on the body length,

SYMBOLS
a radius of cavity
b distance from body center line to store center line
CDO zero-1ift drag coefficiemt
ACDO experimental drag-rise coefficlent above subsonlc.level at
M = 0.80
c slot side depth
d slot center depth relative to body radius
g ‘fineness ratio
1 fuselage length
M free-stream Mach number



RACA RM ASTH19a . T ) 3

N number of terms or harmonics used in the Fourier sine series
r local radius of body

o maximm radius of body 1 ' .

S body cross-sectionsl area mormal to x axls

W slot width

X,¥,2 Cartesian coordinstes as conventional body axes
MODEIS AND TESTS

The basic body (body 1) used for this investigation was a Sears-Haack
type (minimm-wave-drag body for prescribed volume and length) with a
closed-body Pineness ratio of 12.5. All models tested, except body 8,
had the same cross-sectional area distribution (equal theoretical wave
drag for M = 1.00) as that for the basic body. Body 8, which was another
reference body for the tests, had an area distribution essentially equal
to that of body 1 plus the addition of a fineness-ratio-6 semisubmerged
store. The area distributions for bodles 1 and 8 are presented in fig-
ure 1. The equation for body 1 and representative sketches of the bodies
with either a cavity or slots are presented in figure 2. The volume
removed by the cavity in each case was added around the remainder of the
body so as to maintain the same cross-sectlonal area distribution as that
for body 1. For the slotted bodies the external contour of body 8 was
meintained and the volume removed by the slots was such that the same area
distribution as that of body 1 was again meintained. The bodies were cut
off at the base to permlt mounting the models én a sting, which resulted
in a ratio of base diameter to sting dismeter of 1.211., All of the cavli-
ties and slots were 20 inches in length or about one quarter of the actual
body length. A brilef description of the 14 primary bodies is given in
the following table.
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Body Description

1 Basilec body - Sears-Hasack, f = 12.5, r, = 3.5 inches .
2 f = 4 store cavity, volume = body 1

3 f =5 store cavity, volume = body 1

i £ = 6 store cavity, volume = body 1

5 f = 7 store cavity, volume = body 1

6 f =8 store cavity, volume = body 1

T £ = 9 store cavity, volume = body 1

8 Body 4 without cavity, volume £ body 1

9 Bedy 8 with 32 slots, 0.1 in., wide volume = body 1
10 Body 8 with 16 slots, 0.2 in, wide volume = body 1
11 Body 8 with 8 slots, O.k in, wlde volume = body 1
12 Body 8 with U4 slots, 0.8 in. wide volume = body 1
13 Body 8 with 2 slots, 1.6 in. wide volume = body 1
14  Body 8 with 1 slot, 1.6 in, wide volume = body 1

The single slot of body 14 had a maximmm depth which was sbout twlce as

great as the corresponding depths of the slots for the other slotted

bodies., The lower halves of the central segments of bodies 2 through 7

(with cavities) are shown in Pigure 3, and the lower halves of the central
segments of bodies 9 through 14 (with slots) are shown in figure 4. The

effect of asymmetrical slot positioning on the drag characterlstics was
Investigated by modifying body 13. The modificatlion placed the two slots

in an asymmetrical arrangement with the centers of the slots displaced 49 3

as shown In figure 5., For body 13 the slots were displaced 180 -

The effect of falring the edges of a cavity on the aerodynamlc charac-
teristics was investigated with body 2 which had the deepest cavity: Three
modifications to the cavity edges of body 2 were made from the 1/16-inch-
edge radius common to all the cavities. Modification 1 was a 10° bevel
et the front and at the rear of the cavlty, measured in the streamwlse
direction, and 0.3 of an inch down from the apex of the cavity. Modifi-
cation 2 was a further smoothing of just the rearward edges of the cavity
as shown 1in figure 6. Modification 3, also shown in figure 6 was similar
to modification 2 except both the forward and rearward edges were smoothed.
These modlfications, the dimensions of which are tebulated in table I(c),
had an insignificant effect on the total area dlstribution.

The bodles were tested in the Ames 1lh-foot transonlc wind tunnel which
1s of the closed-return type with perforated walls in the test section.
A sketch of the high-speed regions cf this test facllity 1s presented in
figure 7. The flexible walls shead of the test section are controlled
to produce the convergent-divergent nozzle form required to generate Mach
numbers up to 1.20. This tunnel is similar to the smaller, Ames 2- by
2-foot transonic wind tunnel which 1s described in reference 7. One -
exception, however, is that the 1li-foot tumnel is not of the variable-
density type, but operates at atmospheric pressure. Models are mounted
on & sting as shown in figure 8, and the forces are measured as ‘electrical

Gayibiini.
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outputs from a strain-gage balance located within the model. Figure 8

also shows the fixed-transition grit (size 200) distributed over 1 inch
of the nose of body 1. Transition of the boundary layer was similarly

fixed for all the tesis.

Force data, schlieren photographs, and base pressures were obtalned
at zero 1lift over a Mach number range of 0.80 to 1.20 at a Reynolds number
of gbout 36,000,000 based on the body length of 79.62 inches. The drag .
coefficients are based on the maximum cross-gectlional area of body 1, and
were corrected for base effects by adjusting the base pressures to free-
stream static pressure. The tunnel blockage of body 8 was 0.16 percent
and all the other bodies had a tunnel blockage of 0.1lL percent.

Two parts of the total drag were estimated by theoreticasl computa-
tions. Friction drag was estimated from the charts of reference 8 and
the wave drag was estimated from the harmonic anslysis method of ref-
erence 9 using 25 harmonics, No method was known for predicting drag
due to separated flow,.

RESULTS AND DISCUSSION

The zero-lift drag coefficients for the unindented bodies 1 and 8
wlll be presented and discussed first, because body 1 represents the
minimm-~drag goal of a&ll the indented bodies and body 8 represents the
upper wave-drag limit expected for the slotted bodlies neglecting changes
in friction drag. The next part of this section of the report will
present and discuss the drag data for the bodies with single-store cavities
including the effect of smoothing the edges of the lowest fineness-ratio
cavity, body 2. The last part will present and discuss the drag data for
the bodies with slots including the effects of an asymmetrical location
of the slots.

Unindented Bodies

The zero-lift drag coefficients for bodies 1 and 8 are presented in
figure 9. These two bodies had similar computed friction-drag coefficients
and experimental base-drag coefficients (within the asccuracy of the data).
These base-drag coefficients are also similar to the values obtained with
all the bodles. At subsonic speeds without separated flow, the pressure
drag 1s theoretically zero, and thus the totel drag should be just friction
drag. Note that adding the negative base-drag correction to the data
points results in subsonic drag coefficlients whlch are closely estimated
by the computed friction-dreg coefficients. These results indicate that
separated flow did not occur for the two reference unindented bodles.

The lower half of figure 9 compares the experimental drag-rise coefficlents

L
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sbove the subsonic coefficients at M = 0.80 with computed wave-drag "
coefficients (corrected for friction-drag-coefficient variation with Mach
nunber}. There is & wave-drag-coefficient difference between the two
bodles which is almost constant with Mach number, It is of interest to
note that at transonic. speeds linearized -theory generally overestimates
the wave drag of the unindented bodies of revolution. Thils same effect
was found in reference lO, but occurred primarily for bodies with lower
fineness ratios. -

Bodles With Cavitiles

The experimental drag coefficients are plotted in figure 10 as &
function of Mach number for all the bodies wilith cavities. The computed
friction-drag coefficlents for all these bodies were very nearly the same.
As the cgvlty fineness ratio is progressively decressed, there is an
obvious large increase.in the drag coefficlents at M = 0.80 which must
be due to separated flow. The variation of the drag coefficients with
cavity filneness ratio can be further demonstrated by selecting two repre-
sentative Mach numbers (M =_1.00 and 1.20) and plotting the data as a
function of fineness rstioc as shown in figure 11. The drag data for these
bodies with cavities are compared with body 1, because each body had the
same cross-sectional ares distribution as body 1 and hence the same theo-
retical wave drag at M = 1.00. The general trends of the drag variation
with fineness ratio are the same at M = 1.20 as at the design Mach number "
(M = 1.00). Only for the highest fineness-ratio cavity was the value of
body 1 drag approached. Cavities of fineness ratios of 6 or less not
only had greater separation drag but also a mmrked lncrease in the wave
drag above that of body 1 as shown in figure 12, These lower filneness-
ratio cavities apparently violate the slenderness Limitation of the theory.
There is also additional evlidence that the shock waves produced by the
bump on the bodlies were not eliminated by the cavity and thus the wave
drag would be greater than that for the basic body. There_were no shock
waves evident at supersonic epeeds in the schlieren photographs of the
central region of the basic body (body 1). However, photographs of body
2 (fig. 13(a)) with the deepest cavity revealed the presence of shocks
on the upper surface of the body near the edges of the bump. At super-
sonic speeds shocks on the cavity side of the body were nonexistent or
very week.

The separated flow resulting from the cavities was observed by posl-
tloning the knife edge of the schlieren system to accentuate the boundary-
layer flow as shown for body 2 with modification 2 in figure 13(b). The
presence of separated flow or a mixing reglon is clearly indidated in this
plecture and, since the boundary-layer wake effectively changes the body -
shape, 1t 18 clear there would be an lncrease in wave drag as well as &
separation drag. The reduction in the slze of. the wake with increased '
fineness ratio 1s illustrated in the schlieren photographs of figure 14, "

o ]
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The large amounts of drag attributed to separated flow for the lower
fineness-ratioc cavities are partially due to the abrupt change in contour
at the edges of the cavities. Body 2 had the deepest cavity and the
largest amount of separation drag, therefore this body was selected to
evaluate the reduction in separation drag that could be obtained by fair-
ing the edges of the cavity. The results of tests to determine the effect
of the three modifications to body 2 on the drag coefficients are pre-
sented in figure 15. HNote that the drag coefficients were progressively
reduced by smoothing the forward and rearward edges of the cavity. The
experimental rise 1n drag coefficlient with Mach number for all three
modifications was essentlally the same. As mentioned in the description
of the models, the modifications had little effect on the area distribution
of body 2, thus the various modifications would not alter the computed
wave-drag coefficients. 7TIn keeping with the prior discussion in this
paragraph, note in figure 15 that the rise in drag coefficients with Mach
number for body 2 is greater than the computed values. It should be
polnted out that for Mach numbers gbove 1.00 the computed wave-drag
coefficlents are greater for body 2 than for body 1. '

Bodies With Slots

The experimental drag-coefficient results are plotted in figure 16
as 8 function of Mach number for the bodies with slots. For these bodies
the computed friction-drag coefficients are a direct functiorn of the number
of slots as well as the Mach nuwber. The results for M = 1,00 and 1.20
are plotted in figure 17 as a function of the number of slots to illustrate
better the variation in the drag coefficients with the number of slots.
Note that all the slotted bodies have the same ares distribution as body 1
and that the drag for body 8 ie the zero-slot reference value shown in
figure 17. The drag of the slotted bodies was consistently greater than
that for body 1 and generally greater than that for body 8. The drag
increase of the body with two slots, relastive to body 1, 1s attributed
to slight increases in friction drag and in drag due to separated [flow
along the sharp edges and corners of the slots., The increase in drag with
the increase in the number of slots up to 16 was directly comparable to
the predicted increase in friction drag. For the body with 32 slots, the
slot width at the mid-length position was only gbout twice the boundary-
layer displacement thickness. Thus, this body with 32 slots evidently
had less experimentsl friction drag than that computed, as & result of
the reduction of velocity of the alr in the slots.

The greater drag for the body with one slot when compared with the
trend of the drag with the number of slots was attributed primarily to
the greater depth (about twice) of thils slot. This greater depth, or rate
of change in depth with length, was thought to result in separated or
mixed flow comparable to that of the models with the low-fineness-ratio
cavities. This supposition was partially confirmed by the additional test
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of body 13 with two slots located msymmetrically in one quadrant of the
crose section. The drag coefficients from this test are plotted in fig-
ure 18 with data for the bodies with one slot (body 14) and with two sym-
metrically located slots (body 13). At subsonic Mach numbers the lncreased
drag due to flow separation, of the body with one deep slot, is not present
for the comparably asymmetrical two-slot body. At supersonic Mach numbers
changing the two-slot hody from g symmetrical to an asymmetrical
arrangement did result in a slight penalty in drag-rise coefficient.

A1l the symmetrically slotted bodles were effective 1n removing the
weve~-drag increment caused by the bump of hody 8. As shown in figure 19
all the slotted bodies, except Ffor the body with one slot, had drag-rise
coefficlients equal to or less than that for body 1.

CONCLUSIONS

The results of this transonic Investigation of bodlies with cavities
and slots indicate the followlng:

1. Cavities with fineness ratios of 8 or greater can be used to
control the body area distribution without introducing unpredicted changes
or penaltlies in wave drag; however, cavities, in general, tend to produce
a drag increase resultlng from separated or mixed flow,

2. Symmetrical slot arrangements with gradual changes in depth can
be used to control the ares distribution of bodies without penalties
resulting from increassed wave drag and very little drag resulting from
separated flow, but with a penalty in friction drag which appears to be _
predictable,

3. Slots with a large rate of change in depth with length and
cgvities with low fineness ratio tend to increase the separation drag.

4, TFor the reference bodies of revolution, llnearized theory
generally overestimated the wave drag at transonic speeds,

Ames Aeronsutical Laboratory
National Advisory Committee for Aeronautics
Moffett Field, Calif., Aug. 19, 1957
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TABLE I.- COORDINATES OF BODIES
(s) Bodies 2 through 7 with cavitles

0T

Body Body 2 Body Body 4 Body 5 Body 6 Body 7
station £=14 £=5 =6 £=7 £=8 £f=9

x r | a T a r | a r | a r | a r | a

0 Redli the same for all bodles,

¥ See flgure 2 for basic body shape and equation.
33.75 | 3.361}0 0 0 ' 0 0 0
33.9% | 3.371) .213 ] 3.370| .17L | 3.369| .142 | 3.368[ .122 | 3.3%8| .107 | 3.368] .095
3413 | 3.382[ .357 | 3.378] .286 | 3.376| .238 | 3.375| .20% | 3.375{ .179 | 3.37%| .159
35.00 | 3.451) .84 | 3.431] .674 | 3.h20| 561 | 3.413) .481 | 3.L09) .42l | 3.406] .37
35.88 | 3.532(1.211 | 3.491 .969 | 3.468| .807 | 3.k53| .692 | 3.Mu6] .606 | 3.439| .538
.75 | 3.6141.509 | 3.550|1.207 | 3.515(1,005 | 3.hok} .862 | 3.480| .75% | 3.471| .670
37.63 | 3,691,758 | 3.608[1.407 | 3.560|1.172 | 3.532|1.005 | 3.513] .879 | 3.500| .781
35.38 | 3.835(2.133 | 3.709|1.706 | 3.639|1.k21 | 3.597[1.219 | 3.570[1.066 | 3.551| .48
41.13 ) 3.934(2.370 | 3.78011.896 | 3.695[1.580 | 3.643(1.355 [ 3.609(1.185 | 3.586|1.053
42.88 | 3.985]|2.486 | 3.817|1.989 | 3.724|1.657 | 3.667|1.k21 | 3.629]1.243 | 3.603]1.105
43.75 | 3.992{2.500 | 3.822|2.000 | 3.727|1.666 | 3.670[1.k29 | 3.632{1,250 | 3.605{1.111
4h.62 | 3.985]2.486 | 3.817|1.989 | 3.724|1.657 | 3.667|1.k21 | 3.625)1.243 | 3.603[1.105
¥6.37 | 3.934|2,370 | 3.780({1.89% | 3.695|1.580 | 3.643}1.355 | 3.609{1.185 | 3.586|1.053
k8.12 ) 3.83512.133 | 3.709J1.706 | 3.639(1.421 | 3.597{1.219 | 3.570|1.066 | 3.551] .9k8
49.87 | 3.69411.758 | 3.608]1.k07 | 3.560|1.172 | 3.532[1.005 | 3.513| .879 | 3.500( .781
50.75 | 3.614(1.509 | 3.550{1.207 | 3.515|1.005 | 3.494] .862 | 3.480| .75k { 3.4T1| .670
51.62 | 3.532|1.211 | 3.h91| .969 | 3.468| .807 | 3.453) .692 | 3.uh6| .606 | 3.439( .538
52,50 | 3.451| .842 | 3.3 .67k | 3.420] 561 | 3.413] 481 | 3.h09| .u2L { 3.406] (374
53.37 | 3.382[ .357 | 3.378| .286 | 3.376| .238 | 3.375| .20k | 3.375| .179 { 3.374| .159
53.56 | 3.372] ‘213 ] 3.370| .17 | 3.369) .1k2 | 3.368] .122 | 3.368| .107 | 3.368] .095
53.75 | 3.361\0 0 - 1o " 0 0 )

\L, ‘L Radil the same for all bodies
79.62 1314 .

Note: Colunms a are cavity radii with cemters 3,301 inches from body center line. All
dimensicns are In inches,

BETHLCY W VOVN




TABIE T.- COORDINATES OF BODIES - Contlnued
(b) Bodlies 8 through 1k with slots

BETHLGY W VOUN

Pody 8 Body 9 Body 10 Body 11 Body 12 . Body 13 Body 14

Body L
gtation | o thout 30 glote 16 alots 8 slots 4 slota 2 slota 1 elot

X lindentation
Radil w]dlc vldlc wld.lc wIdIc \rldln w]dl-c
0 Radil the seme for sll bodies, Bee figure 2 for basic body shape and equationm,
33.*5 3.361 |0 0 0 0 0 ) 0 0 Q 0 0 0 0 0 0 0 Q 0
33.9% 3.369 .100| .012] .012| .e00| .o12| .o011| .hoo| .O00M| .0cB| .7T50| .o2if0 L9200 .032(0 1.150] .obglo
3k.13 3.376 086|026 027} 026 .029] ,023| .800] .035) .o11l1.202| .o%k|0 1,500 ,08k|0
35.00 3,k20 J70] 170 A7 1 .323 167 78| .138(1.600f 202 .1232 1.600[ .373| .278
35.88 3.h68 358 .3%8 .358| 357 .300] ,35h L6 L343 .3901 . .T48( .634
B.75 3.515 63| .63 562 561 56k 558 570|547 .592| 500 1.184|1.062
37.63 3.960 A LTI ST LT T73| 767 129 .T% .801| .70 1.5711.486
39.38 3,639 1,152]1,152 1.ﬁg 1,152 1,151,149 1.160}1.138 1.182|1.093 2,334|2.245
31.13 3.695 1,439|1.439 1.4hof1, 439 1,.440(1, k35 14714 1.469|1,381 £.908|2.820
42,88 3. 724 1.595(1..595 1.595]1, 56k 1,597]1.592 1.603[1.581 1,.625/1.538 3.220 3.123
h3.g5 3,721 1.610{1.610 1,610 1.§gﬁ 1.612{1,607 1.618]1.596 1.640]1,553 3.290(3.163
L 62 3.221@ 1.595|1.595 1,505(L, 1.597{1.592 1.603|1.581 1.625(1.538 3.22013.133
46,37 3,695 1,h3911.439 1.44001, k30 1,401,435 1.547]1.425 1.4690]1,381 2,90812.820
48,12 3.?23 1,152|1.152 1.153)1.152 1,155]1.149 1.160}1.138 1,182]1..003 2,33k (2,245
49,87 3, 21 ;Zl 21 .T70 173 .67 .79 .56 .Bo1| .m0 1,571]1.486
5o.gs 3.515 .563] .563 2 1 Sl 558 L5701 .8k L5021 .500 1.154]1,062
51.62 3.L68 .358] .38 .3%8| .357 .360| .35k .366] .3k3 ..390| .2%6 78| .65k
52.50 3.420 A7l 170 AT1) W70 1730 .267 A7) a5 | .202f 107 ¢ | -3T73| -278
53.37 3.326 026|026 .027| 026 oeg 0231 ¥ | .03%| .o11Lf1.202| .omk|O 1.500( .08k|o
53.56 3.369 v | .m2| .012] § [ .012]| ,om1) & | .o14) .008| .780| .021|0 920} .o32lo 1.1%0| .04s|o
53, 3,314 |0 0 0 0 0 0 0 0 ) 0 0 0 Q 0 0 0 0 0
-f }Hu.dii the sams for all bodies

79.62 1,514

Radii for bodies 9 through 1k are the same as for body 8. All dimensicns ars in inches,
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TABLE I.- COORDINATES OF BODIES - Concluded
(c) Vertical ordinates, z, for modifications 2 and 3 to body 2
(Also see fig. 6)

Spanwlse
station
Body y 0 1/4% ro |1/2 1o [3/b 1o
station
X

30.63 3.275 | 3.150 | 2,752
32.38 3.268 | 3.206 | 2.823
33.75 3.034 | 3.169 | 2.870
33.94 2.981 | 3.149 | 2.881
34.13 2,918 | 3.126 | 2.91k
35.00 2,552 | 2,927 | 2.993
35.88 2.187 | 2.548 | 3.056
36.75 1.886 | 2.185 | 3.039
37.63 1.633 } 1.88% | 3.881
39.38 1.25% | 1,449 | 2.193
41,13 1.017 | 1.190 | 1.702
42,88 .902 | 1,066 | 1.64k

Modifi- A 43,75 .888 | 1.053 | 1.623 |Same as

cation 3 Ly 62 .902 | 1.066 | 1.64k |original

46,37 1.017 | 1,190 | 1.702 | body 2
48.12 1.254 | 1.449 | 2,193
k9.87 1.633 | 1.88% | 3.881
50.75 1.886 | 2.185 | 3.039
51.62 2,187 | 2.548 | 3.056
Moddfi- 52,50 2,552 | 2,927 | 2.993
cation 2 53.37 | 2.918 { 3.126 | 2,91k
53.56 2,981 | 3.149 { 2.881
53.75 3,034 | 3.169 | 2.870
J 55.12 3.268 | 3.206 | 2.823

4 ¢' 56.87 3.275 | 3.150 | 2.752 v

All dimensions are in inches
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Figure 1.~ Area distributions for the basic Sears-Heack body (body 1) and body 8.
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3/4
Equation of fuselage radil, "Lu = [l -([- %) ]

‘ rr°=3.50 ting
—_— — )_-_*:é:‘?—

~79.62 ,
1= 87.50

Basic body

/1\ Lo

b=336|
//

Secnon A-A

I——A

b
PR - - ‘\\ ‘/'__I__;J
ja———— x= 3375 ———I t \\—— Store cavity

- x= 8375 [~ Store center line

—a A

Body with cavity

c, J [ L d, * See table I for coordinates of bodies
side depth cenferdepth  with cavities and stots _

K:j
—»} | j=—w, slot width

Section B-8

—»B /—Body 8 contour

Body with slots

Figure 2.~ Sketches of the baslc Sears-Haack body (vody 1), a body with
a cavity (body 2), and a body with slots (body 12).
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A-22448, 1

Flgure 3.- Lower halves of the cenmtral segments of bodies 2 through 7, with cavities.
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Figure 4.- Lower halves of the centrgl segments of bodies 9 through 1%, with slots,

A-22488,1

9T

BETHLEY W VOVM




:
2
&
B
®

S

i

F X PN g l.'_
o g R
I 'l._'.'.‘... T

A-22594.1

Flgure 5. - Moéified body 13 with two slots in an asymretric locatlon, A
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Body 2
E — —— Body 2, modified
N (modification 3, both ends)
q;4 [~ {modification 2, rearward only with 10* bevel forward)
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Figure 6, - View of

Body station, x, in.

section cuts parallel to the =xz plane of body 2 with and without beveled edges,
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Figure 7.- Two views of the high-speed region of the Ames lhi-foot transonic wind tunnel.
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Figure B, - Baslic Sears-Haack body (body 1) mounted on the sting in the wind tupmel,
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FTgure 9.~ Drag coefficlente for the basic Sears-Haack body (body 1) and
body 8.

e 1



e2

Zero-lift drag coefficient,Cp
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Figure 10.- Experimental drag coefficients and computed friction-drag
coefficients for the bodies with cavlities, -
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Figure 11.~- Variation with cavity fineness ratlo of experimental drag
coefficlients and computed frictlon-drag coefficlents for Mach

nunmbers 1,00 and 1.20.
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Flgure 12, - Experimental drag-rise coefficlents above the gubsonic level
for the bodlies wilth cavities,
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(b) Body 2, modification 2; knife edge horizontal.

Figure 13, ~ Schlieren photographs of body 2 with the knife edge vertical to accentuate the shock
waves and with the knife edge horlzontal to accentuate jbhe boundary-layer wake, 3
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(b) Body 6, £ = 8 cavity; imlfe edge horizontal,

Figure 1k, - Representative schlieren photographs showing the decreasse in the boundary-leyer wake
by inecressing the cavity fineness ratilo.
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Figure 15, - Experimental drag coefficients for body 2 (f = & cavity) and
body 2 with modifications,.
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Figure 16, - BExperimental dra:g coefficient and’ computed friction-drag
coeffilcients for the bodies with slots,
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Figure 17.- Variation with number of slots of the experdmental drag coef-
ficlents and computed friction-drag coefficients for Mach numbers 1,00
and 1.20.
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Figure 18. - Drag coefficients for symmetrical and asymmetrical slot
locations,
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Figure 19, - Experimental drag-rise coefficlents gbove the subsonic level
for bodiles wilth slots.
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